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PREFACE

The need for realistic training is recognized in the
United States Air Force. The formation of the aggressor squad-
rons is a product of this need. The aggressors are currently
unable to perfaorm their mission of providing realistic adver-
sary training because the F-5 aircraft is no longer able to
adequately simulate the threat. The adversary threat has
improved significantly and if the USAF fighter pilot is to com-
bat the threat he must train with equipment which realistically
simulates the threat. A replacement aircraft is required to
ansure continued effective aggressor training.

I would like to acknowledge the advice and editorial
expertise of Major Ron Dufresne in completing this project. I
also thanmk my wife for her support throughout and my daughter’'s
understanding when daddy could not play.
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N EXECUTIVE SUMMARY

Part of our College mission is distribution of N
the students’ problem solving products to

DOD sponsors and other interested agencies
to enhance insight into contemporary,
defense related issues. While the College has
accepted this product as meeting academic
requirements for graduation, the views and
opinions expressed or implied are solely
those of the author and should not be
construed as carrying official sanction.

“insights into tomorrow”

REPORT NUMBER s&8-1945
AUTHOR(S) maJor crAIG W. NAAS, USAF

TITLE FrorosAL FOR A NEW AGGRESSOR AIRCRAFT

I. Furpose: To determine the single best aircraft to perform
the aggressor mission.

IT1. Froblem: The Northrop F-SE aircraft due to age, techni-
cal limitations, and limited performance characteristics no
longer provides adequate simulation of the adversary threat in
the air combat arena.

III. Data: The mission statement of the USAF aggressors
requitres an aircraft able to simulate the threat. The USAF
determined four factors essential for effective aggressor
training in the air combat arena. From the aggressor mission
statement and the essential factors a list of potential
replacement aitrcraft was determined. An analysis was first
performed to determine the adversary aircraft presenting the
most difficult challenge in the air combat arena. Upon comple-—
tion of the threat analysis, the potential replacement aircra+ft
were compared versus the threat aircraft. The comparison of
potential replacement aircraft and the threat aircraft resulted
in the selection of the single bhest aircraft to perform the ag-
gressor mission.
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CONTINUED ‘

IV, Conclusions: The aggressors require an all aspect beyond

visual range (BVR) lookdown/shootdown high performance aircraft
to perform their mission. The MIG-29 Fulcrum is the adversary
aircraft presenting the most difficult challenge in the air
combat arena. The F—-18 Hornet best combines size, capa-
bilities, and performance characteristics to simulate the
adversary threat and perform the aggressor mission.

V. Recommendations: The F-18 be adopted as the replacement
aggressotr aircra+ft.
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‘ ACMI Air Combat Maneuvering Instrumentation
0 AREWEC Airborne Early Warning and Control
- AMRAAM Advanced Medium-Range Air-to-Air Missile
: ANG Air National Guard
» AT Angle Track
y BVR Beyond Visual Range
p g Force of Gravity
-~ HUD Head-Up-Display
o 1ADS Integrated Air Defense System
'A IR Infra—-Red
& IRSTS Infra-Red Search and Track System
MR Medium—Range
'MRA Medium—-Range with Active Guidance
- FD Fulse-Doppler
. SK Short—-Range
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V) AIRCRAFT REQUIREMENTS
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e
K- INTRODUCT ION
Wit
} The course and outcome of aerial combat are
atfected by various factors. Most important
- among them are the correlation of opposing
:g sides’ forces, the quantity of armaments, and
o proficiency of personnel. Fighter pilots should
:ﬁ quickly and adequately respond to any changes
VN in the situation (16:12).
) Aleksandr Fokryshkin
ig} Marshall of the Air Force
e
'}i The commander of the Soviet Air Forces believes these to
;Q} be the most important ideas of aerial combat today (16:12).
oty The USAF is committed to having the best trained and most
highly skilled pilots paossible and has developed and maintained
' "Aggressor squadrons" to provide this capability. The Aggres-
v sors curvrently fly the Northrop F-5E aircraft using adversary
.&: tactics and doctrine. The F-5E has been an excellent aircraft
b for this purpose in the past, but age, technical limitations,
D' and its performance characteristics have reduced its effective-
D ness (14:93).
i
Y FURFOSE
R
This paper proposes to determine the single aircraft best
'tﬂ qualified to perform the aggressor role in the future according
N to the following criteria. First, it will determine aggressar
o aircraft requirements based on mission statement. Second, the
,ﬁ: analysis will determine possible aircraft meeting aggressor
1 S aircraft requirements. Third, this paper will determine
9. current/future threat aircraft characteristics. Fourth, it
- will compare possible replacement aircraft with similar threat
:ju characteristics. Finally, it will determine the single best
| t aircraft to perform the aggressor mission. i
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ASSUMFTIONS

Due to the limited scope of this project, the aircraft
under consideration will be restricted to aircraft in gervice,
in production, or near production with prototypes flown and
data available for comparison. Additionally, this paper will
not address acquisition or maintenance costs. The sole intent
is to identify the one best aircraft to support the aggressor
mission.

REQUIREMENTS

The USAF Aggressor mission stated in Tactical Air Command
Regulation (TACR) 23-78 should provide the necessary criteria
to determine aircraft requirements.

The mission of the aggressor squadrons is: To pro-
vide dissimilar threat air combat tactics to TAC,
USAFR, and ANG aircrews; and to participate in TAC
directed tactics developments and evaluations. Fro-
vide Red Force threat to support realistic training
in Red Flag/Maple Flag and other exercises... (22:1).

- The aggressor mission can be broken down into three

distinct areas relating to aircraft requirements. First, the

- aggressors are to provide dissimilar threat air combat tactics.
Adversary aircraft are currently estimated to have increased
performance characteristics and lookdown/shootdown all aspect

) capability (15:145-147). Secondly, the aggressors will par-

.- ticipate in tactics development and evaluations. Tactics and

their effective employment are fundamental to achieving air

superiority (18:70). According to Gene+ral Robert D. Russ, Com-

mander, TAC, "The most significant principle of warfare learned

. since World War I is that ... a nation must be able to achieve

. air superiority" (18:70). Therefore, to adequately support

: tactics davelopment and evaluations, the aggressors require an

. aircraft capable of current adversary technology. The final

) aircraft related element of the aggressor mission is to provide

e realistic adversary training in support of Red Flag, Maple

%, Flag, and other exercises.

. The mission of Red Flag is to maximize the combat
readiness, capability, and survivability of

> participating units by providing realistic training
q in a combined air, ground, and electronic threat

v environment while providing for a free exchange of
ideas between forces (21:1).

Red Flag accomplishes its mission through a highly sophis-—
ticated integrated air defense system (IADS), realistic

)
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targets, and complex combined forces scenarios. The aggressors
are a major caomponent of the IADS providing the adversary
threat aircraft and tactics (14:93). To support Red Flag in
providing realistic training, the aggressotrs must fly aircraft
comparable to current adversary aircraft (14:97). Therefore
the future aggressor aircraft must have lookdown/shootdown all
aspect capability and increased performance characteristics.

In addition to these general aircraft requirements, four
specific requirements were identified by the USAF in 1972 to
provide competent aggressor training (2:8246). The aggressor
aircraft were to have the following minimum capabilities.
First, the aircraft must be capable of carrying captive
missiles to provide accurate employment simulation. Second,
they must possess an operational fire control system for real-
istic target acquisition and ordnance employment. Third, the
aircraft must be equipped with gun camera or head-up-display
(HUD) recording capability to provide documentation and valida-
tion. Finally, they must be air combat maneuvering and instru-
mentation (ACMI) system capable to utilize the instructional
and analytical abilities of this system and more effectively
participate in future Red Flag scenarios (9:826314:95).

Aircraft meeting these requitements will be limited to
aircraft in service, in production, or near production, with
prototypes flown and data available for comparison. This is
intended to eliminate analysis based on planned or projected
performance and aids in reducing conflicting evidence. Several
aircraft were not considered because production is not near or
was cancelled as in the cases of the Northrop F-20 and
Dassault-Breguet Super Mirage 4000. The Swedish JAS-39, French
Rafael B, and Supe+r Phantom modernized F-4 were not considered
because of insufficient data due to delays in testing. Other
aircraft were eliminated based on their failure to meet the
minimum requirements including the McDonnell Douglas F-4E,
Isreali KFIR, and French F—-1. The fallowing aircraft are
capable of meeting the requirements, or would require aonly
minot modifications in the case of the foreign aircraft:

Dassaul t—-Breguet Mirage 2000C,
Panavia Tornado ADV,
Grumman F-14 Tomcat,
McDonnell Douglas F~15 Eagle,
General Dynamics F-16 Falcon,
McDonnell Douglas F-18 Hornet.

CUME WK~

These six aircraft will be analyzed and compared to the
adversary determined to pose the most difficult threat in
aerial combat. An analysis of four Soviet aircraft will deter-
mine the adversary threat used for comparison in determining
the replacement aircraft.
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e o
':.), : THE ADVERSARY
) .\\;
REsd INTRODUCT ION
o
“
- A comparison of possible replacement aggressor aircraft
. will be made in relation to the adversary aircraft posing the
;;ﬁj most difficult threat. This analysis will result in the single
ﬂ;: best future aggressor aircraft.
.
o
‘» DETERMINING THE THREAT
:E;j The Soviets are considered to possess the most advanced
e potential threat. Therefore, an analysis of Soviet aircraft
r?i will be made to determine the adversary threat to be used for
3 comparison. Soviet technology has produced four aircraft that

incarporate significant increased performance characteristics
with all aspect lookdown/shootdown capability. These are the
MIG-23 Flogger, SU-27 Flanker, MIG-29 Fulcrum, and MIG-31 Fox-
hound. A comparison of size, performance, and capabilities
will show which adversary aircraft is the most difficult chal-
lenge in the air combat arena. A discussion of each aircraft
will provide the necessary data for comparison.
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o MIG-23 FLOGGER
-
:ﬁ The MIG-23 Flogger is an all weather, single-seat, single-
" engine, variable geometry wing air combat fighter/interceptor
o (S:246). First deployed in 1973 an estimated 2,100 MIG-23
;iﬁ interceptors form the backbone of the air defense force and air
eb combat elements of the tactical air forces (5:246). Several
.QS variants are flown by all of the non-Soviet Warsaw Fact air
o forces and have been exported to at least ten other nations
. (20:85). The MIG-23 is described as the first Soviet aircraft
;i with a demonstrated ability to track and engage targets flying
{} below its own altitude. The Flogger has a limited lookdown/
e shootdown capability (20:85). Eqgquipped with the J-band High
L Lark radar and the AA-8 Aphid Infra-red (IR) dogfight air-to-
'Qx air missile and the medium-range radar guided o+ heat seeking
®. AA-7 Apex air—to-air missiles, the Flogger is all aspect
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,?? capable (20:8%5). In conjunction with all aspect, beyond visual
jq range (BVR) capability, the MIG-23 can achieve speeds of Mach
Al 2.35 at altitude and Mach 1.2 at sea level (20:83). This gives
( ) the Flogger the ability to quickly close for head-on targets or
A to run down its adversary from astern. The manually variable
A wing provides the Flogger with 146, 45, or 72 degrees of wing

sweep in flight or on the ground (20:84). However, the Flogger
is not considered to be highly maneuverable (20:846). It can
generate an instantaneous turn rate of 12 degrees/second with
wing sweep at 45 degrees or 11 degrees/second with 72 degrees
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I wing sweep (23:24). The MIG-23°'s high speed, all weather avion-
SN ics, and all aspect BVR capability make it a good interceptor.
,}: A lack of maneuverability and a limited lookdown/shootdown
lj; capability are to its disadvantage in the air combat arena
't (19:36).
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o FIGURE 1: MIG-23 Flogger
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® MIG-31 FOXHOUND
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T
e

A significant improvement in technology over the MIG-23,
the MIG-Z1 Foxhound is a dual seat, twin engined interceptor

P

#

.

i aircraft derived from the MIG-25 Foxbat (20:86). It is the
J.j first Soviet interceptor to offer true lookdown/shootdown and
9. multiple target engagement capability (20:86). Designed as an
'%{ interceptor, specifically to counter the US E-1R, the MIG-Z1
¢$ possesses high speed and is an excellent air intercept weapons
.fﬁ platform (7:73). Former Assistant Secretary of Defense Donald
:ub Latham stated, "in his opinion the MIG-31 is superiar to any
> o ) existing US fighter with better avionics, a better CZ
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[communications, command, and controll system to work into, a
better air-to—air missile and greater speed and combat range"
(20:87). FKey to this superiority is its pulse—-Doppler radar
coupled with eight AA-9 Amos BVR all aspect air—-to-air missiles
(20:87). With a maximum speed of Mach 2.4 at altitude, all
weather all aspect BVR capability, and a combat radius of 1,305
miles the Foxhound is a formidable adversary (19:34). However,
the MIG-31's relatively low thrust to weight ratio of .63 to 1
and high wing loading equivalent to the F-104G significantly
reduce its ability to maneuver in the air combat arena and are
considered limiting factors (19:36).

FIGURE 2: MIG-3I1 Foxhound

MIG-292 FULCRUM

Continuing to advance technologically, the Soviets
designed and developed the MIG-29 Fulcrum for the counter air
role (20:86). The Fulcrum is described as a twin-engined,
single-seat, all weather all aspect BVR fighter aircra+ft
(20:86). The MIG-29 is fitted with a large pulse-Doppler
lookdown/shootdown radar providing capability against low fly-
ing targets (20:86). This gives the Fulcrum freedom from the
outmoded ground control interception techniques restricting
Soviet air defenses in the past (20:86). Intended primarily as
a counter air fighter, it is likely to have a full dual role
combat/attack capability (20:86). Equipped with an internally
mounted Z0mm gun, the MIG-29 can carry six AA-10 Alamo radar
guided medium—range air-to—air missiles or a combimnation of
AA-10 Alamo and heat seeking AA—-8 Aphid or AA-11 Archer IR dog-
fight short-range air—-to-air missiles (135:140). This combina-
tion of avionics and otrdnance gives the Fulcrum impressive
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’jﬁ weapons capabilities in the air combat arena (15:140). Also
K™ fitted on the MIG-29 is an infra-red search and track system
( (IRSTS) which provides a passive search and track capability
e (15:141). With a thrust-to-weight ratio of 1.4 tao 1, The
o MIG-29 is capable of a sustained turn rate of 16 degrees/second
o and an instantaneous turn rate of 21 degrees/second pulling
e 7-9g (15:146). Maximum speed is 2.7 Mach at altitude and 1.2
o Mach at sea level (20:86). The Fulcrum’'s advanced design and

J

high thrust—-to-weight ratio give it a measure of maneuver-

L&ﬁ ability and excess thrust available for climbing and accel-
Sy eration equal to, if not better than, the best Western combat
e aircraft (15:144)., The MIG-29, which embodies a number of
N technological advances, will soon form the backbone of the
a Soviet tactical air forces (15:147).
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FIGURE 3Z: MIG-29 Fulcrum
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gU=-27 FLANKER
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Comparable to the MIG-29 in advanced design and perfor-
mance, the SU~-27 Flanker is described by the US Department of
Defense as a supersonic all weather all aspect counter air
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‘ﬁ fighter with lookdown/shootdown weapons systems and BVR air-—
.,g to-air missile capability and a possible secondary ground
0?}_ attack role (12:338). Its large pulse-Doppler radar and heavy
:{j armament of AA-10, AA-8, or AA-11 air-to—air missiles give it
~ formidable potential against low flying aircraft and cruise
~~2 missiles, particularly when deployed with Soviet airborne early
v » warning and control (AEW%C) aircraft (4L:262). Similar
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in capabilities to the Fulctum, the SU-27 is considerably
larger than the MIG-29. The Flanker possesses greater range
and armament loads with the ability to carry up to 10 air-to-
air missiles and an internally mounted ZO0mm gatling type gun
(6:1262). With a thrust—-to-weight ratio of 1.27 to 1 the
Flanker is able to sustain a 17 degree/second rate of turn and
has an instantaneous turn rate of 23 degree/second at 7-%g
(17:18). Maximum speed at sea level is Mach 1.1 and Mach 2.73S
at altitude (20:87)., The Flanker is believed to have been
designed to counter the F-15 and F-14 (192:37).

FIGURE 4: SU-27 Flanker
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ﬁj: COMFARISON CHART OF ADVERSARY AIRCRAFT

AN
o>
b~
N MIG-23 MIG-31 MIG-2 su-27
' Size (ft)
b Length 35 78 51 &7
A!) Width 27 (Swept) 44 34 41
Sy 47 (Spread)
v

o Thrust-to- .81:1 L6321 1.4:1(1) 1.27:1
,\2 weight-ratio

_ Speed (Mach)

}{ Altitude 2.35 2.4 2.3 2.35
'f: Low Level 1.2 (2) 1.2 1.1
-I'N.

e

N Turn Rate (deg./sec.)

1Y Sustained 6 N/A () 16 17

. Instantaneous 12 N/A(2) 21 2
-

N
Y Radar (nm) :
o Search 46 . 90 130 90
'r} Track 29 435 100 43
f‘ o Type (3)STT/AT TWS TWS TWS
;"2 Armament
ﬁ:? Radar Missiles
P (4)MR/SR MR/MRA MRA MR/MRA
h? IR missiles MR/SR MR/SR MR/SR MR/SR
23' Gun 2Zmm TOmm IOmm IOmm
:}{ BVR Capable Yes Yes Yes Yes

5
SN
‘:2 Lookdown/

a7 shootdown Limited Yes Yes Yes
AV

@
,.l
‘;ﬁ: Footnotes

3 1. With combat ordnance and 50% fuel
i U s :
by 2. Unclassified source not available
LA I. STT/AT —- Single target track/Angle track

-; TWS -—- Track while scan
::}: 4. MR -- Medium range
aj\ MRA ~= Medium range with active guidance

A SR -—- Short range

Y

’E TABLE 1: Comparison of Adversary Aircraft
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-ﬁ{ THREAT AIRCRAFT COMFPARISON
O Several factors indicate the MIG-29 is the most difficult
( : threat to engage in the air combat arena. First, the MIG-23
:3- does not possess true lookdown/shootdown capability and,

j{ although high speed, is severely limited in its ability to
.ﬁ: maneuver during air combat. Second, the MIG-21 is an excellent
jj weapons platform designed to defend against the US B-1ER and
R having the Soviet‘'s first true lookdown/shootdown capability.
fé% However, the Foxhound’'s high wing loading and low thrust-to-

,: weight ratio present significant handicaps to maneuvering.

:{ Third, the large size of the SU-27 should make electronic and
1;: visual acquisition easier than the smaller MIG-29. General
:’ﬂ Robert D. Russ, Commander, TAC stated, "The first rule of all
Bt air combat is to see the enemy first" (18:71). Finally, the

. MIG-29 s thrust-to-weight ratio of 1.4 to 1 gives the Fulcrum
}{ the ability to accelerate and maintain maneuvering potential
;} better than the S5U-27. Therefore, the smaller size and greater
e thrust—-to-weight ratio of the MIG-Z9 presents the most diffi-
Wﬁb cult challenge in the air combat arena. A comparison of the
Y MIG-29 and the possible replacement aircraft will determine the
—— best aggressor aircraft.
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oy Chapter Three

1]

-:. AIRCRAFT DATA AND COMFARISON VERSUS THREAT

.

&~ INTRODUCT ION
'\-"'

" An analysis of potential aggressor aircratt versus the

. MIG-29 will determine the single best replacement aggressor

:: aircraft. The six potential replacement aircraft are: Dassault-
’:ﬂ Breguet Mirage 2000C; Famnavia Tornado ADV; Grumman F-14 Tomcat;
r- McDonnell Douglas F-15 Eagle; General Dynamics F—-16 Falconj and
:j\ McDonnell Douglas F-18 Hornet. The potential aircraft will be
B4 compared in size, performance characteristics, and capabilities
- to the MIG-29 threat.

Y

':C-I

S MIRAGE 2000C

N :

[}
{ s The Dassaul t—-Breguet Mirage 2000C is a single engine,

A single-gseat, all weather all aspect delta wing air defense

- fighter (13:495). It has a pulse-Doppler radar system giving it
b lookdown/shootdown capability when configured with the Matra
o Super 5Z0 radar guided medium-range air—-to-air missile (13:45).
::J The Mirage 2000C also carries the Matra Magic 550 IR air-to-air

missile and two I0Omm DEFA cannon (13:45). The aircraft is
capable of Mach 2.2 at altitude and Mach 1.0% at sea level

"

ij (12:45). The Mirage has a thrust—-to-weight ratio of .22 to 1
2& and a fly-by-wire flight control system to improve air combat
-;- maneuverability (12:44). Capable of 99°'s in the combat con-

fﬁ figuration, the aircraft possesses excellent low speed maneu-
" verability and high speed performance (3:254), The Mirage

I~ : 2000C°'s delta wing design and .92 to 1 thrust-to-weight ratio
':ﬁ provide instantaneous turn rates of 20 degrees/second and sus-—
5. tained turn rates of 11 degrees/second (1:194). It is equipped
= with an advanced HUD providing thrust available and an out-

-b standing lead computing gun sight (3:254). The Mirage 2000C is
i' considered to be an excellent air—-to—-air weapons platform with
o good maneuverability in the air combat arena.
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FIGURE &6: Mirage 2000C

MIRAGE 2000C DATA vs MIG-29

2000C

Size (ft)

Length 47

Width, 0
Thrust-to-Weight Ratio . P23
Speed (Mach)

Altitude 2.2

Low Level 1.05
Turn Rate (deg./sec.)

Sustained 11

Instantaneous 20
Radar (nm)

Search &0

Track 35

Type PD

Armament

Radar Missiles
IR Missiles

X Matra S30
Matra S50

(S
x

Gun Z0mm
BVR Capable YES
Lookdown/shootdown YES

MIG-29

51
4
1.4:1

-
2.3

1.2

16

21

130
100
FD/TWS

AA—1C
AA-B8/AA-11
IOmm
YES
YES

(1)

(2)

Footnotes:

1. Six maximum or various combinations

~

2. May be loaded as single type or in combination

TABLE

-
-

Mirage 2000C and MIG-29 Comparison
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COMPARISOM

A comparison of the performance data shows the Mirage is
smaller in size and, although a good aircraft, is unable to
match the MIG-29. The lower thrust-to-weight ratio and lower
turn rates indicate the Mirage 2000C will not be able to sus-
tain its ability to maneuver or possess the MIG-29's ability to
gain or hold the advantage in the air combat arena.

FANAVIA TORNADO ADY

The Fanavia Tornado ADV is a two—-seat, twin—-engined all
weather variable geometry wing air defense interceptor (5:123).
It is equipped with a pulse-Doppler radar and HUD giving it all
aspect lookdown/shootdown capability when combinmed with the BAe
Sky Flash medium-range radar guided air-to-air missile (35:1237).
The aircraft also carries IR AIM-9L Sidewinder and an inter-—
nally mounted 27mm cannon (S5:1273). The variable geometry wings
program automatically enabling specific excess power at tran-
sonic speeds and maximized turning capability at subsonic
speeds (S:127). An estimated thrust-to-weight ratio of .85 to
1 at combat weight, the Tornado has a ma:ximum speed of Mach 2.2
at altitude and Mach 1.2 at sea level (5:123). The lower
thrust-to-weight ratio does not allow for extended maneuvering
and the automatic variable geometry wing provides visual
evidence of aircraft maneuvering potential. The Tornado expe-
riences a high loss of manedvering potential when engaged 1n a
turning fight relative to non-swing wing or higher thrust-to-
weight ratio aircraft.
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FIGURE 7: Tarnado ADV
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TORNADOD ADV DATA vs MIG-29
Tornado ADV MIG-29

Size (ft)

Length 59 51

Width (Swept) 28 24

(Spread) 46

Trust—-to-Weight Ratio «.89:1 (1) 1.4:1
Speed (Mach)

Altitude 2.2 2.3

Low Level -3 1.2
Turn rate (deg./sec.)

Sustained 2 (1) 16

Instantaneous 15 (1) 21
Radar (nm)

Search 100 130

Track 40 (1) 100

Type TWS FD/TWS
Armament

Radar Missiles 4 x BAe Sky Flash AA-10 (2)

IR Missiles 2 1 AIM-9L AA-B/AA-11 (3

Gun 27mm JOmm
BVR Capable YES YES
Lookdown/shootdown YES YES‘
Footnotes:

1. Estimated

2. Six maximum or in combination

X. May be loaded single type or in combination

TABLE 3: Tornado ADV and MIG-29 Comparison

COMPARISON

Similar in size to the MIG-29 the Panavia Tornado is at an
extreme disadvantage in the air combat arena. With a low
thrust-to-weight ratio and » g limit of +7.5, the Tornado is no
match for the MIG-29. In a maneuvering engagement the Tornado
would be unable to adequately simulate the MIG-29.

F-14 TOMCAT

The Grumman F—14 Tomcat is a two-seat, twin-engined, all

weather variable geometry wing all aspect air superiority fleet
defense interceptor (6:420), It

is equipped with a long tange
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pulse-Doppler track while scan (TWS) radar capable of tracking
24 targets simultaneously (3F:244). The Tomcat has true
lookdown/shootdown capability using the AIM-7F Spartrow or
AIM-54 Fhoenix radar guided air-to-air missiles (3:244). The
F-14 also carries the AIM-9L Sidewinder all aspect IR air-to-
air missile and an i1nternally mounted Z20mm gatling cannon
(1:636). The Tomcat is able to carry eight missiles in varying
combinations of radar guided and heat seeking giving it impres-
sive ordnance capability in the air combat arena (1:635). The
F-14 has a thrust-to-weight ratioc of .78 to 1 but has surpris-—
ing performance due to the automatic variable geometry wings
which tend to optimize 1lift and drag as sensed for varying
flight regimes (1:601). The Tomcat is able to generate instan-—
taneous turn rates of approximately 20 degrees/second and sus-—
tained turn rates comparable to the Mirage 2000C of 11 degrees/
second (1:1924;6:420) . The F—14 has a maximum speed of Mach
2.34 at altitude and Mach 1.2 at sea 'level, due in part to the
swing wing design (&6:420). The TF-30-414 engines installed on
the F-14 are susceptible to stall and are considered to be a
liability in performance (1:618). Former Navy Secretary

John F. Lehman Jr. referring to the TF-30/F-14 combination,
cailed 1t "probably the worst engine/airframe mismatch we have
had in many years" (1:618). 0One other drawback to the F—-14 is
the automatic variable geometry wings which in a dogfight can
visually indicate the aircraft’'s maneuvering potential.

FIGURE 8: F-14 Tomcat
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o COMFARISON

N

AT When compared the F-14 is considerably larger than the
{ MIG-29. Both aircraft possess excellent air-to-air systems
BN with a slight edge to the Tomcat because of its longer range
r}‘ radar and Fhoenix missile. In the maneuvering arena the |
o~ MIG-29 s much greater thrust-to-weight ratio and superior
P instantaneous and sustained turn rates would be difficult for
P, the F-14 to simulate.

)
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:J: F~14 TOMCAT DATA vs MIG-29

o

-.".:

F-14 MIG-29

ﬁy: Size (ft)

RN Length 63 31

D Width 38 (Swept) 4

e &4 (Spread)

b Thrust-to-Weight Ratio .78:1 1.4:1

o Speed (Mach)

e Altitude 2.34 2.7

‘\i- Low Level 1.2 1.2
;:rf Turn Rate (deg./sec.) . .
g Sustained 11 (1) 16

S Instantaneous 20 (1) 21

Radatr (nm) ‘

¢ o Search 113 130

,jz Track 20 100

‘o Type FD/TWS FD/TWS
i Armament

[l Radar Missiles 6 v AIM-354 () AA-10 ()
J 6 % AIM=7F (D)

;}5 IR Missiles 2 % AIM-9L AA-B/AA-11 (4)
I Gun 20mm I0mm
oo BVR Capable YES YES
s Lookdown/shootdown YES YES
h

®

‘f& Footnotes:

oy 1. Approximately

Qf 2. Maximum quantity of each type not in combination
.:f Z. Six maximum or in combination

s 4. May be loaded single type or in combination

s>,

e

o TABLE 4: F-14 and MIG-29 Comparison
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SO F-15 EAGLE

e

> The McDonnell Douglas F—-15 Eagle is a single-seat, twin-
‘ _‘ engined, all weather all aspect air superiority fighter
f¢§- (6:433). The key to this aircraft’'s success in the air combat

- arena is the superb combination of avionics, aerodynamics, and
:;; povier (1:103%). The heart of the F-15 and the foundation of its
;Sﬁ combat efficiency is a long range multi-mode pulse-Doppler
2 radar with a maximum detection range in excess of 100 miles
.{1~ (1:1032). The maneuverability of the F-15 is a combination of
;:2: relatively low wing loading and a high thrust-to-weight ratio
2 of 1.25 to 1 (1:103). The Eagle is capable of instantaneous
oYy turn rates of approximately 22 degrees/second and sustained
j:i turn rates of 15 degrees/second (1:124). With a maximum speed
’ of 2.3 Mach at altitude and 1.2 Mach at low level, the Eagle
, possesses excellent speed characteristics for interception and
NN engagement (6:4853). The F-15's armament includes an internally
nj: mounted Z0mm gatling cannon and external armament of up to 4
o AIM-7M Sparrow medium-range radar guided air-to—air missiles
,_ﬂ‘ and AIM-9M Sidewinder short-trange IR air-to—air missiles

e (6:453). The combination of radar, HUD, and bubble canopy give
?ﬂ the Eagle unmatched target detection ability (1:100). The F-15
lxﬁ. is a relatively large fighter aircratt with a wingspen of
‘:f{ almost 47 feet and a length of over 63 feet (6:45F). The large
ji size was necessary to accommodate the radar and, avionics pack-—
AN age as well as maintain the desired low wing loading for
Fuly maneuverability (6:457). The large size of the Eagle is con-
!._ sidered a disadvantage because the aircraft presents a
e relatively large return allowing for earlier electronic and
ol visual acquisition in the air combat arena.
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_X

2
- 18
-
W o

| J

.
»
i

v
b %
[0S s

3

hl

e T AT Y e T e e S T e
L e A R T L S
1T AT LS U R R P e % N




{51

! . -
‘ :.;Z?.
o

N
s F~1S EAGLE DATA vs MIG-29
v
hAte F-1% MIG-29
L Size (%) '
_.;;; Length 64 S1
0,0 Width 43 z
") Thrust-to-Weight Ratio 1.25:1 1.4:1

"y Speed (Mach)
N Altitude 2.3 2.3
A Low Level .2 1.2
ﬂ;- Turn Rate (deg./sec.)

B Sustained 18 16

Instantaneous 22 21

o Radar (nm)
N Search 100+ 130

A Track 85 100

o Type FD/TWS FD/TWS
'f} Armament

L Radar Missiles x AIM=-7M AA-10 (1)
el IR Missiles ¥ AIM-9M AA-B/AA-11 ()
L Gun 20mm ZOmm
'..'\-:-; EVR Capable YES YES

YO Lookdown/shootdown _ YES YES

o A
b Footnotes:
' 1. Six maximum or in combination
3 2. May be loaded as single type or in combination
I

B TABLE S: F-15 and MIG-29 Comparison

¥

o

o COMFARISON
o

A
'!r Similar in performance to the MIG-29, the F-13 is much
:ﬂ: larger. Both aircraft possess impressive armament and fire
V:‘ control systems to employ ordnance. The incorporation of
‘N bubble canopies, HUD systems, and advanced avionics improve
'iﬂ early target acquisition and identification for both aircraft.
' The larger size of the F-13 makes its acquisition more probable
v!ﬁ at longer ranges visually and electronically than the smaller
:{j Fulcrum. In the air combat aremna the Eagle’'s size would make
!5ﬂ simulating the MIG-29 very difficult.
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L F-16 FALCON

-" \'

‘fﬁ The F-16 Falcon i1s a fixed wing high performance single-

seat, single-engine, multi-migssion fighter (6:408). The

s T Falcon’'s advanced technology includes a blended wing body and
\ﬁni fly-by-wire flight control system. (6:408) Equipped with a
:ji? pulse—-Doppler radar, the F-16 has the capability to lookdown
,}5 and acquire targets, but is currently not equipped with a radar
‘YA guided air~to— air missile limiting its low altitude shootdown
1) capability (1:408). The Falcon 1s planned to carry the
oo advanced medium—~ range air—to—air missile (AMRAAM) AIM-1Z0
?h: when it is developed and deployed (1:177). Present armament
Q?k includes an internally mounted 20mm gatling cannon and the
f&} capability to carry up to &6 AIM-9M Sidewinder IR air—-to-air

ey missiles (1:177). The F-16 was designed to be highly
maneuvetrable in the air combat arena. The fly-by-wire flight
control system ensures the pilot cannot over—-stress the air-

v

R e

}Ez cratt or exceed a maximum angle—-of-attack (ADA) of 25 degrees
‘{ji (1:194). This, combined with a 1.1 to 1 thrust-to-weight

:ﬁ: ratio, produces instantaneous turn rates of approximately 23
_ﬁf- degrees/second and sustained turn rates of 16 degrees/second

) (1:194). Aircratt performance is such that the F—-16 has been
TN described as virtually "unbeatable" in simulated air combat by
'::f the Royal Netherlands Air Farce (1:194). The Falcon is also an
'?; effective strike aircraft (1:194). Developed as a light weight
N fighter, the F-16 has excellent performance chatracteristics and
A its small size make visuwal acquisition difficult. The high
{ maneuverability of the Falcon in a turning engagement is offset
K-> by its relatively short range radar and lack of a radar guided
W

missile for true lookdown/shootdown capability.
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F-146 FALCON DATA vs MIG-29

F=16 MIG—29
Size (ft)

Length 48 51
Width 31 34
Thrust-to-Weight Ratio 1.1:21 1.4:1

Speed (Mach)

Altitude 2.0+ 2.3

Low Level 1.0+ 1.2
Turn Rate (deg./sec.)

Sustained 16 16

Instantaneous 23 21
Radar

Search =10) 130

Track 30 100

Type FD PD/TWS
Armament

Radar Missiles None (1) AA-10 (2)

IR Missiles 6 x AIM-9L AA-8/AA-11 (3)

Gun 20mm JIOmm
BVR Capable . NO (1) YES
Lookdown/shootdown NO (1) : YES
Footnotes:

1. Can be simulated
2. Six maximum or in combination
3. May be loaded as single type o+ in combination

ohY

TABLE &: F-16 and MIG-29 Comparison

COMFAKRISON

In comparison to the MIG-29, the F-146 is very close in
size and performance characteristics. Although the MIG-29 has
a higher thrust-to-weight ratio, the advanced fly-by-wire and
blended wing body technology of the F~16 give it nearly equal
perfarmance. The F-16 radar is limited in range to 20 miles in
the lookdown mode acquiring fighter size targets and does not
have true lookdown/shootdown capability due to the prolonged
development of the AMRAAM (1:145). These two factors may limit
the F~16's ability to simulate adversary tactics invaolving
autonomous operations and BVR missile employment. Overall, the
MIG-29 and F-16 are very capable and comparable fighters in the
air combat arena.
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F-18 HORNET

L R )

The F-18 Hornet is described as fast, highly maneuverable,
and an outstanding dogfighter (4:40). The Hornet is a single-

i

" seat, twin—-engined, all weather all aspect multi-mission air-

: craft (6:453). The lethal advantage of the F-18 lies in its

(S advanced pulse-Doppler long trange radar’'s ability to detect

: targets out to approximately 80 nautical miles (1:238;5;4:40).
G Up to ten targets can be tracked simultaneously, even while
){ searching the area for others (1:238). The Hornet carries up
! to ten air-to—air missiles and an internally mounted 20mm
‘Y gatling cannon (1:253). Up to six AIM-9M Sidewinder IR air—-to-
f? air missiles and four AIM-7M Sparrow or AIM-120 AMMRAAM

a$ medium—range radar guided air-to-ait missiles are carried by

the F-18 giving it true all weather all aspect BVR lookdown/

- shootdown capability (1:253). The Hornet has a thrust—-to-

3 weight ratio of slightly better than 1.1 to 1| with air combat
e loads and fuel weights (1:257). This allows the F-18 to
b~ achieve instantaneous turn rates of approximately 25 degrees/
‘ri second and sustained turn rates of 15 degrees/second (1:194).
p— The Hornet is able to out accelerate virtually anything else in
- the world from .8 Mach to 1.2 Mach (1:257). With a maximum
o speed in excess of 1.8 Mach at altitude and greater than 1.0

Lﬂ Mach at low level, the F-18 has the requisite speed in the air
iQ combat arena. (1:453).
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i\' F~-18 HORNET DATA vs MIG-29

', F—-18 MIG-29
K Size (ft)

-ﬁl Length 56 51

" Width 37 24

< Thrust-to-Weight Ratio 1.1+:21 1.4:1

\ Speed (Mach)

N Altitude 1.8+ 2.2

x- Low Level 1.0+ 1.2

5j Turn Rate (deg./sec.)

" Sustained 15 16
N Instantaneous 25 21

Radar (nm)

,: Search 80 30

o Track 40 100

.Q Type FD/TWS FD/TWS

‘? Armament
s Radar Missiles 4 x AIM-7M AA-10 (1)
4’ IR Missiles 4 % AIM-9M AA-8/AA-11 (2)
.. Gun 20mm 30mm
> - BVR Capable YES . YES
- Lookdown/shootdown YES YES

. Footnotes: o
{ 1. Six maximum or in combination L
;Q 2. May be loaded as single type or in combination
::
“\.
e TABLE 7: F-18 and MIG-29 Comparison
ol

i: COMFARISON

~

3 Comparison between the MIG-29 and the F—-18 yields few sub-
- stantial differences. EBoth aircraft are highly maneuverable,
" all aspect, all weather, BVR fighters. The MIG-29 enjoys a
.! slight advantage in sustained turn performance as does the

o Hornet in instantaneous turn rates. The Fulcrum is faster at
i altitude while the F-18 has excellent acceleration. Addition-
i ally, the F-18 has outstanding slow speed handling characteris-
. tics in a dogfight. Although the MIG-29 has a greater thrust-
; to-weight ratio than the F-18, the Harnet’'s advanced design

@ makes its performance characteristics very close to the

28 MIG-29 's. From their twin-tailed design to advanced weapons

: systems and heavy ordnance loads, the MIG-2%9 and F-18 are

'\ nearly identical in the air combat arena.
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. Chapter Four
K-
1. =
Y » .'.
2, - CONCLUSION

Analysis of the possible aircraft versus the MIG-29
Q\? establishes the F-18 to be the single best choice. The F-18

:i provides the capabilities, performance characteristics, and
;;H proper size to perform all phases of the aggressor mission. As
Bl each aircraft was compared to the MIG-29, their weaknesses
. became apparent. First, the Mirage 2000C°‘'s lower thrust-to-
e weight ratio and delta wing design are limiting factors 1in
;&: sustained maneuvering performance as is its shorter range radar
.ﬁﬂ versus the more capable MIG-29. Second, the Fanavia Tornado
oy ADV lacks the thrust and turning performance to simulate the
. MIG~-29. Additionally the Toranado’'s swing-wing design and

- larger size were considered disadvantages. Third, the F-14°s

- low thrust—to-weight ratio, swing-wing design and large size do
- not adequately simulate the MIG-29. Fouwrth, the F-15's size
Hw presents a relatively large return for electronic and visual

'j ’ acquisition which is not characteristic of the MIG-29. Fifth,
The F-16 lacks the longer radar range and lookdown/shootdown

(‘_, capability of the MIG-29. Finally, although the F-18 is slower
};» at altitude and slightly larger than the MIG-29, it is the
SX single best replacement aggressor aircraft.
‘:::.'
:5‘ SUMMARY
:(?, Several factors have led to the need for a replacement
:bﬁ aggressaor aircraft. Foremost, The USAF is committed to provid-
{x ing the best training. Additionally, the aggressor squadrons
ﬁ?: were farmed to provide realigtic threat training in the air
.r combat arena. Finally, the Northrop F-SE is an aging aircra<ft
~ and no longer adequately simulates the current threat in the
j{ air combat arena. This project focused on the aggressor mis—
ﬂb’ sion, determining the threat, and finding the best replacement
e aircraft. Analysis has shown the MIG-Z%9 Fulcrum is the most
'R? challenging threat in the air combat arena, and She F-18 Hornet
‘: is the best aircraft to simulate the threat. The narrow scope
o of this project has precluded analysis of cost for acquisition,
yiﬁ conversion, or logistics of the possible replacement aircraft.
Ak The saole intent of this paper was to provide an analysis of the
;;ﬁ: threat and determine the single best aircraft to simulate that
<N threat.
.
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RECOMMEMDATION

D)

L]
1')}:

This project’'s analysis of the aggressor mission, the
current adversary threat, and possible replacement aircraft be
used as an input for the determination of the aggressor
replacement aircra+ft. The capabilities of the F—-18 show it to
be the best choige in the absence of cost factors.
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"You train like you fight, and you fight like you train".

s 5]

Randy "Duke" Cunningham
Naval ACE in Vietnam
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